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Summary 

In Europe, v.h.f. television services are sometimes degraded by interference from 
distant co-channel transmitters. The interference occurs most frequently during the 
summer months, mainly during the day and early evening, and may originate from points 
as much as 2500 km away. It is caused by signals which propagate via the sporadic-E 
layer of the ionosphere. 

In order to study the effect of sporadic-E interference on v.h.f. television broad- 
casting, the European Broadcasting Union has carried out an extensive series of 
measurements, which were continued for 11 years in order to cover a complete 
sunspot cycle. Measurements were made over 26 paths whose lengths varied between 
900 and 2500 km, using frequencies between 40 and 60 MHz. 

The report describes the measurements, their analysis and the results obtained. 
The final results were used to construct propagation curves for Europe and to derive 
a field-strength prediction method which may be used for the planning of future v.h.f. 
broadcasting services. 
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1. Introduction 

VHF transmissions iri Band i (41—68 IVIHz) are some- 
times received at distances well :'beyond the horizon, and 
often up to distances as great as 2500 km. The field 
strengths occurring are often several orders of magnitude 
greater than those calculated for diffraction around the 
curvature of the Earth and may, on occasion, be comparable 
with free-space values. 

Abnormal propagation to distances less than 1000 km 
is caused by refraction in the troposphere and is most 
likely to occur when the barometric pressure is high. 
Propagation to distances between 800 and 2500 km is due 
to refraction from clouds of intense ionisation which 
occur sporadically in the E layer of the ionosphere. In 
Europe the worst interference to television reception in 
Band I is that caused by sporadic-E propagation in the 
summer months. 

The characteristics of sporadic-E ionisation have 
been studied over many years and have been extensively 

Q O (1 C C 

described in the literature. • ' ' ' There are three main 
types of sporadic-E ionisation. Auroral sporadic-E occurs 
mainly at night within circular zones centred on the mag- 
netic poles. Although the northern part of Scandanavia 
lies within the auroral zone, auroral sporadic-E has little 
or no effect on television broadcasting in Europe. Inter- 
ference to television reception in Europe is caused by tem- 
perate-zone sporadic-E, which occurs during the day and 
early evening during the summer months. The third 
type is equatorial sporadic-E, which is confined to a small 
zone centred on the magnetic-dip equator and does not 
therefore affect propagation in Europe. 

In order to assess the severity of interference caused 
by sporadic-E propagation in Europe, together with its 
dependence on factors such as distance and frequency, 
the EBU organised a comprehensive series of measure- 
ments. These measurements, which extended over a period 
of 11 years in order to cover a solar cycle, have now been 
concluded. The measurement technique and the results 
obtained during the first 6 years have already been des- 
cribed. The final report of the measuring campaign 
will be published in 1975 by the EBU. This report, which 
is a shortened version of the final EBU report, describes the 
work done mainly by the BBC, which consisted of the 
analysis of the actual field-strength recordings made in the 
UK and at some of the stations on the European mainland, 
together with the statistical analysis of all the measurements, 
presented annually to the EBU and now available under one 
cover. The BBC also carried out most of the final 
analysis of the results of the measuring campaign and 
drafted the final report for the EBU. 



2. Organisation of the measurement campaign 

Previous experience had shown that sporadic-E pro- 
pagation causes mpst interference with television reception 
in Europe during daytime in the summer months. Inter- 
ference is worst on the lowest frequencies in Band I but is 
seldom experienced at the highest frequencies. It is un- 
likely to occur at distances less than 500 km or greater 
than 2500 km. There was some evidence which suggested 
that it might be influenced by solar activity and by geo- 
graphic latitude. The measurement campaign was there- 
fore planned with these factors in mind and field strength 
recordings were made throughout each day from April to 
October on a variety of paths. 

Throughout the measurement campaign, normal ser- 
vice transmissions were received on simple aerials situated 
at heights typical of domestic installations; this arrange- 
ment was adopted because the object of the investigation 
was to study the effect of sporadic-E propagation on 
television reception rather than to study the sporadic-E 
layer itself. It is hoped, however, that the results of 
the investigation will also add to our knowledge of the 
behaviour of the ionosphere. 

2.1 Choice of paths 

A trial measurement campaign was organised in 1961 , 
when the 4T5 MHz sound transmission from Crystal 
Palace (UK) was recorded at four locations on the 
European mainland, at distances between 640 and 1900 km. 
Having demonstrated that signals propagated via the 
sporadic-E layer could be measured successfully, a more 
comprehensive series of measurements was organised in 
subsequent years. Initially, only the transmitters at Divis 
and Meldrum, situated in the northern part of the UK 
were recorded. In 1965, however, the measurements were 
extended to include the transmitters at Limoges and Car- 
cassonne in France, and a special transmitter was installed 
at Monte Sambuco in Italy to provide a transmission on 
an additional frequency. The geographical arrangement 
of the paths was then as shown in Fig. 1, and this arrange- 
ment continued until 1972, when the measurements were 
discontinued. Full details of all the paths used for 
measurements during the period 1962—1972 are given in 
Table 1. 

Table 1 shows that the highest frequency employed 
was about 58 MHz; although Band I extends to 68 MHz, 
experience had shown that sporadic-E propagation seldom 
occurs at the highest frequencies in the Band. Path lengths 
ranged from 900 to 2510 km, the latter distance corres- 
ponding to the extreme range of 1-hop propagation via 
the E layer. All the transmitters except Carcassonne 
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Brabstermire 



Helsinki 




Fig. 1 - Propagation paths 
@ Transmitting stations ® Receiving stations 



radiated horizontal polarisation; the polarisation of the 
wave incident on the ionosphere is not thought to be an 
important factor at v.h.f. Of more importance is the 
polarisation of the received signal. If the polarisation of 
the transmitted signal were preserved, some discrimination 
against unwanted signals could be achieved by using a 
receiving aerial intended for the orthogonal polarisation, 
and advantage could be taken of this fact in planning 



networks of co-channel transmitters. Simultaneous record- 
ings of both the transmitted and orthogonal polarisation 
were therefore made over a number of paths (indicated in 
Table 1) to see whether any advantage can be gained from 
polarisation discrimination. 

Table 1 also gives the radiation angle for each path; 
this is the angle of elevation at the path terminals for 
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TABLE 1 









Propagation Paths 








Transmitter, 




Path 


Radiation 


Correction 


-actors, dB 






Frequency 
and Polarisation 


Recpiuer 


Length 
km 


angle, 
degrees 






Polarisation 
Received 


Measurement 
Period 


1 1 V Vru t V V f 


E.R.P. 


V.R.P. 










Factor 


Factor 






Limoges 


Stagshaw 


1060 


8-7 


18-5 


17-8 


H 


1965-1972 


41-28 IVI Hz 


Edinburgli 


1180 


7-3 


18-0 


18-2 


H 


1965-1972 


H 


Brabstermire 


1470 


4-8 


18-5 


4-9 


H 


1965 




Orleney 


1500 


4-6 


18-5 


4-9 


H 
V 


1966-1972 
1970-1971 




Chatonnaye 


1260 


6-6 


50 


2-6 


H 


1962-1972 




Monza 


1470 


4-8 


5-0 


1-2 


H 


1962, 1963 




Enl<oping 


1490 


4-7 


5-0 


1-2 


H 


1962-1972 


Divis 


Morlupo 


1930 


2-1 


5-0 


0-2 


H 


1964-1972 


41-465 MHz 
H 


Helsinlei 


1940 


2-0 


5-0 


0-2 


H 
V 


1966-1972 
1968-1972 




Lulea 


1950 


2-0 


5-0 


0-2 


H 


1965-1972 




Sodanleyla 


2220 


0-9 


5-0 





H 


1965-1972 




Monte Lauro 


2510 


0-1 


5-0 





H 


1962-1972 


IVlonte Sambuco 


Jurbise 


1320 


60 


2-0 





H 


1965-1972 


49-30 IVIHz 
H 


Kingswood 


1590 


4-0 


2-0 





H 
V 


1965-1972 
1966-1967 


' 


Stagsiiaw 


1950 


2-0 


2-0 





H 


1965-1972 




Edinburgh 


2070 


1-4 


2-0 





H 


1965-1972 


Carcassonne 
54-43 MHz 


Kingswood 


900 


11-0 


13-0 


15-2 


V 
H 


1965-1972 
1966-1967 


V 


Stagsiiaw 


1330 


5-9 


13-0 


1-8 


V 


1965-1972 




Brabstermire 


1730 


3-2 


12-5 


-0-4 


V 


1965 




Orleney 


1760 


3-0 


12-5 


-0-4 


V 
H 


1966-1970,1972 
1970-1971 




Limours 


1010 


9-4 


6-5 


3-9 


H 


1965-1972 




Berlin 


1130 


7-9 


6-0 


2-6 


H 


1963-68, 1970-72 


Meldrum 


Enkoping 


1150 


7-7 


1-0 


2-6 


H 


1962-1972 


58-215 MHz 


Monza 


1530 


4-4 


6-0 


0-9 


H 


1962-1966 


H 


Helsinki 


1600 


4-0 


1-0 


0-7 


H 
V 


1966-1972 
1970-1972 




Morlupo 


1990 


1-8 


6-5 


0-2 


H 


1967-1972 



V = vertical 



H = horizontal 
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single-hop propagation via a spherical ionosphere. The 
radiation angles should be regarded as median values; 
variations in reflection height will cause an angular spread 
of about ± 1°. The ionosphere was assumed to have a 
median height of 105 km for paths shorter than 2000 
km but for greater distances the median height was increased 
progressively to 120 km, because the curvature of the Earth 
obstructs waves reflected from the lower part of the 
height distribution and so increases the median reflection 
height for the waves which propagate.* The elevation 
angles were derived from curves which take atmospheric 
refraction at the terminals into account; these curves 
were calculated for the CCIR at the Swedish National 
Defence Research Institute. 

The correction factors in Table 1 were used in the 
analysis of the results and are discussed in Sections 3 and 
4.5. 

2.2 Characteristics of the transmitting and receiving 
stations 

Details of the transmitting stations are given in Table 
2. Normal service transmissions were measured except 
at Monte Sambuco, where the transmitter radiated plain 
carrier interrupted periodically for identification purposes. 
The frequencies quoted for the other four stations are 
those of their sound transmitters, which were recorded in 
preference to the vision transmitters because of their better 
carrier-amplitude stability. At Divis and Meldrum the 
sound frequencies were changed by 35 kHz from the normal 
channel frequencies to enable receivers to discriminate 
against signals from other stations sharing these channels. 

*The relationship between radiation angle and path length assumed 
here is shown in Fig. 1 1. 



Table 2 gives the effective radiated powers (e.r.p.s.), 
in the horizontal plane, in the directions of the receiving 
stations. All the service aerials have a certain amount of 
horizontal directivity which was allowed for when the 
results were analysed. The Monte Sambuco aerial, 
however, was highly directional, with its main lobe oriented 
towards the receiving stations and a minimum directed 
towards Bastia (France) to prevent interference. 

Fig. 2 shows the vertical radiation patterns (v.r.p.s.) 
of the four service aerials together with the elevation 
angles given in Table 1 for the various paths. The v.r.p. 
of the Monte Sambuco aerial is not shown because it had 
negligible vertical directivity at elevation angles less than 
15°. 

Fig. 2 shows that, on some paths, the effective powers 
radiated towards the ionosphere are considerably less than 
the e.r.p.s. in the horizontal plane. The difference 
between the two e.r.p.s. is particularly large on the 
Limoges— Edinburgh and Limoges— Stagshaw paths. To 
study the effect of vertical directivity, a low-gain aerial 
radiating at 41-01 MHz was installed at Limoges and both 
transmissions from Limoges were recorded simultaneously 
at Stagshaw and Orkney during 1971 and 1972. Heli- 
copter measurements showed, however, that the v.r.p. 
of the low-gain aerial at Limoges was very badly distorted 
by the mast structure and its stay wires and consequently 
the results of the comparison were inconclusive. 

At Divis the original transmitting aerial was replaced 
by a new aerial in December 1965. A slight reduction 
in aerial height was accompanied by slight increases in e.r.p. 
and vertical directivity. These small changes are unlikely 
to have affected the continuity of the measurements. 



TABLE 2 
Characteristics of transmitting stations 













- 1 

Height of 


Height of 












aerial 


station 


Transmitting 




Geographic 


Frequency and 


E.R.P.^ 


above 


above sea 


Station 


Country 


Co-ordinates 


Polarization 


kW 


ground, m 


level, m 


Limoges 


France 


45°40'N, r04'E 


41-28 MHz, H 


63-72 


200 


536 


Divis 


UK 


54°36'N, 6°00'W 


41-465 MHz, H 


2-9-4-2 


145,2) 
127 


365 


Monte Sambuco 


Italy 


4r32'N, 15°05'E 


49-30 MHz, H 


1-6 




975 


Carcassonne 


France 


43°25'N,2°27'E 


54-43 MHz, V 


17-20 


65 


1210 


Meldrum 


UK 


57°23'N, 2°24'W 


58-215 MHz, H 


1-1-4-3 


141 


245 



Notes: 1. E.R.P. at zero elevation angle, in directions of receiving stations. 

2. Original aerial at 145m replaced by aerial at 127m in December 1965. 



RA-139 



s 

o 





O 


LU 


to 




1-0 

0-5 

n 










1 


1 


1 
1 


- 



(a) 



10 



15 




0-5 - 




0-5 - 



'^xX. 1962-1965 


1966-1972 X 


X 



5 10 

(c} 



1-0 



15 
angle above the horizontal, degrees 




0-5 - 



Fig. 2 - Vertical radiation patterns of transmitting aerials 
(a) Limoges fb) Carcassonne (c) Divis (d) Me/drum 



Table 3 gives details of the geographical locations of 
the receiving stations and the organisations which were 
responsible for them. 

2.3 Receiving equipment 

Conventional receivers and pen recorders are unsuit- 
able for sporadic-E propagation measurements because they 
are unable to record a sufficiently wide range of signal levels 
when left unattended; signals propagated via the sporadic-E 
layer may vary by as much as 60 dB. A further difficulty 
arises in Europe because of the large number of transmissions 
and the need to distinguish between them. Special receiving 
equipment therefore had to be made. 

The receiving equipment satisfied the following main 
requirements: 



The receivers were crystal controlled. 

The selectivity was sufficient for protection against 
interfering transmissions, independent of any protec- 
tion obtained with a directional receiving aerial. 

The sensitivity was sufficiently high for measuring 
signals of 1/zV/m or less. 

The output law was logarithmic, with a scale range 
of at least 40 dB. 

Signal-strength was recorded on a pen-recorder ad- 
justed for a chart speed of about 60 mm per hour, or 
on automatic recorders. 

The required time-constant of the apparatus was of 
the order of one minute. 



The installations were capable of continuous un- 
attended operation. 



The BBC equipment in the United Kingdom was 
specially designed for unattended operation over long 
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TABLE 3 
Characteristics of receiving stations 



Receiving 




Geographic 


Organisation 


Station 


Country 


Co-ordinates 


Responsible 


Jurbise 


Belgium 


50°32'N, 3°56'E 


E.B.U. 


Sodankyla 


Finland 


67° 22'N, 26°39'E 


Y.L.E. 


Helsinl<i 


Finland 


60° 10'N,25°03'E 


Y.L.E. 


Limours 


France 


48°40'N, 2°05'E 


O.R.T.F. 


Berlin 


Germany (F.R.) 


52°34'N, 13°18'E 


D.B.P. 


Monza 


Italy 


45°36'N, 9°16'E 


RAI 


Morlupo 


Italy 


42°09'N, 12°29'E 


RAI 


IVIonte Lauro 


Italy 


37°06'N, 14°50'E 


RAI 


Enl<oping 


Sweden 


59°35'N, 17°03'E 


P.T.T. 


Lulea 


Sweden 


65°36'N,22°07'E 


P.T.T. 


Chatonnaye 


Switzerland 


46° 46'N, 6°57'E 


P.T.T. 


Kingswood 


U.K. 


51° 17'N, 0°13'W 


B.B.C. 


Stagshaw 


U.K. 


55°02'N, 2°0rW 


B.B.C. 


Edinburgh 


U.K. 


55°55'N, 3°11'W 


B.B.C. 


Brabstermire 


U.K. 


58°37'N, 3°10'W 


B.B.C. 


Orl<ney 


U.K. 


58° 55'N, 2°56'W 


B.B.C. 



periods. It consisted of crystal-controlled solid-state 

receivers having a single intermediate frequency of 270 
kHz. The response of the amplifier was practically constant 
to about ± 5 kHz relative to the centre frequency, but 
fell by 45 dB at ± 20 kHz. The frequency stability of the 
local oscillator was ± 2 parts in 10.^ A DC voltage 
proportional to the logarithm of the signal input was ob- 
tained with a multiple detector shown schematically in 
Fig. 3. The output of the detector was then applied to a 
pen-recorder. Although the receivers were designed to 
have a stability better than ± 1 dB between —10°C and 
-I- 45 C, it was usual for several receivers to be mounted 
in a single temperature-controlled case to ensure gain stability. 

Some of the equipment used by other organisations is 
described in Reference 7. 

The receiving equipment was installed in television 
stations such as Monte Lauro, or in measuring centres such 
as Enkoping, Jurbise and Monza, or outside such centres, 
in special huts as at Kingswood Warren. The receiving 
aerials were Yagi-type, or simple dipoles with reflectors. 
Their purpose was to increase the sensitivity of the equip- 
ment (the gain of a four-element Yagi aerial is about 6 dB), 
but also in many cases to discriminate against unwanted 
signals. They were usually mounted at heights of about 
10 metres; this ensured that the results were valid for 
domestic receiving installations. 

3. Method of analysis 

Measurements of signals propagated via the sporadic- 
E layer must be analysed statistically because of the 
random nature of their occurrence. The out- 

come of the analysis is therefore either a statement 
of the percentage of time that a given field strength 
is exceeded, or a statement of the field strength 
which is exceeded for a specified percentage of a given period. 
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The second alternative is preferred for planning purposes; 
the method used to extract this information from the 
field-strength recordings is described in this section. 

Continuous recordings were made every day between 
0800 and 2300 GMT from April to October each year. 
In analysing the charts, the time during which the field 
strength exceeded certain specified levels, usually differing 
by 10 dB, was determined for each day. The total time 
that each level was exceeded during complete months was 
then calculated, and the results expressed as percentages of 
the total recording time for that month. A graph of field 
strength vs. percentage time was then plotted and the field 
strengths exceeded for specified time percentages derived 
by interpolation. Finally, the field strengths were stand- 
ardised to an e.r.p. of 1 kW by subtracting the e.r.p. corr- 
ection factors given in Table 1. Thus the results finally 
tabulated are the field strengths which would have been 
exceeded for certain percentages of the actual recording 
times, if the transmitting stations had radiated with an 
e.r.p. of 1 kW in the horizontal plane, in the directions of 
the receiving stations. 

Graphs which illustrate the results obtained in the 
earlier years of the measuring campaign are contained in 
Reference 7 and these graphs give a good indication of the 
trends which were observed throughout the 11 years of 
measurement. The complete results of the measuring 
campaign, in the form of tables and graphs, are contained 
in a separate document.^ The final results give the field 
strengths which were exceeded during stated percentages of 
the time-period 0800 to 2300 GMT. The same field 
strengths would be exceeded for somewhat lower percen- 
tages of the complete 24-hour period. 

The basic analysis described above, which was perfor- 
med for all paths and years, was supplemented by more 
detailed analyses on certain paths in order to study 
particular aspects of sporadic-E propagation.' Details of 
these supplementary analyses are given under the appro- 
priate headings in Section 4. 



4. Discussion of results 

Sufficient results were obtained over the 1 1-year period 
to give good indications of all the temporal variations to 
which sporadic-E propagation in Europe is subject. The 
results also enable propagation curves for Europe to be 
drawn. The conclusions which can be drawn from the 
measurements are described in detail in this section. 

4.1 Influence of solar activity 

Although the measurement campaign was continued 
for 11 years in order to cover a complete sunspot cycle, 
recordings were made on only four paths for the entire 
period. When the month-by-month analyses of the measure- 
ments are plotted, as in Part 2 of Reference 8, solar-cycle 
variations tend to be obscured by the much larger seasonal 
variations. To minimise seasonal effects, therefore, the 
total times each year that certain specified field strengths 
were exceeded during the five-month period May to Septem- 



ber were calculated from the recorder chart analysis and 
expressed as percentages of the total recording time. 
Measurements made on 7 paths which had been studied 
for the greater part of the solar cycle were analysed in 
this way.* For each path the field-strength level chosen 
for analysis was that normally exceeded for between 0-5 
and 5% of the total time. 

The correlation between the percentage time each 
year that the chosen level was exceeded and the average 
sunspot number for the period, is illustrated in Fig. 4. 
Regression analyses were performed for each path, with sun- 
spot number as the independent variable, but the regression 
was found to be statistically significant on only three paths; 
regression lines for these paths are shown in Fig. 4. 

The results show a slight tendency for propagation 
via the sporadic-E layer to occur less frequently when 
solar activity is greater but the results are not conclusive. 
For planning purposes, therefore, it is proposed that no 
allowance should be made for solar activity. 

4.2 Seasonal variation 

Before the measuring campaign started it was known 
that interference caused by sporadic-E propagation in 
Europe is most severe in the summer months and seldom 
occurs during the winter. It was therefore decided that 
recordings should be made only during the months of 
April to September. This procedure was justified by conti- 
nuous recordings of Limoges and Carcassonne which were 
made throughout the winter of 1968-1969 at Orkney 
without any appreciable signal being observed. 

The month-by-month plots of the measurement results 
contained in Part 2 of Reference 8 show that the seasonal 
variation changes considerably from one year to another. 
To obtain some indication of the average variation, field 
strengths exceeded for a convenient time percentage 
were extracted from the tables of Part 1 of Reference 8 and 
grouped according to month. Median field strengths for 
each month were then determined; these are the values 
exceeded by half of each group of field strengths. Results 
obtained for four paths are shown in Fig. 5, the circles 
indicating the median values and the vertical lines the range 
between the largest and smallest field strengths in each group. 
Details of the four paths are given below Fig. 5; they were 
chosen so as to include a range of frequencies and directions 
of propagation. The measurements analysed in this way 
covered the period 1965 to 1972. 

Fig. 5 shows that, on average, the incidence of 
sporadic-E propagation is slightly greater in June than in 
July although the highest field strengths are observed in 
July. Thus June and July can be regarded equally as the 
months when most interference due to sporadic-E propaga- 
tion is likely to occur in Europe. An interesting feature 



'Details of the paths are given below Fig. 4. Measurements made 
between 1962 and 1964 on the Meldrum — Enkoping path have 
been excluded because they differ from subsequent measurements 
by about 20 dB, and detailed examination of the analysis suggests 
that they are in error. 
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Fig. 4 - Correlation with solar activity 
(a) Divis - Chatonnaye, 41-465 MHz, 25 dBjl fb) Divis - Enkoping, 41465 MHz, 15 dB/Jl 

(cj Divis- Morlupo, 41-465 MHz, 15 dBli fdj Divis - Monte Lauro, 41465 MHz, 5 dBjJ. 

(e) Monte Sambuco - Kingswood, 49-30 MHz, 18 dBfX (f) Carcassonne - Stagstiaw, 54-43 MHz, 7 dB^ 

(g) Meidrum - Enl<oping, 58-21 5 MHz, -1 dBfJ. 

The field strengtiis quoted above are the levels (reduced to 1 kW e.r.p.l for vjhich the 5-month percentage times were calculated 
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Fig. 5 - Seasonal variation 
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Sodankyla, 41-465 MHz, 0-1% time 
(dj Meldrum - Enlfoping, 58-215 MHz, 0- 1% time 



shown by Fig. 5 is tiiat field strengths observed in October 
are sometinnes greater than those occurring in the previous 
nnonth. 

4.3 Diurnal variation 

In temperate latitudes, sporadic-E propagation occurs 
most frequently during the day. To see whether propaga- 
tion varies during the hours of daylight, all the measure- 
ments made from 1965 to 1967 were analysed by dividing 
the day into four roughly equal periods. As significant 
differences between these four periods were found, some 
of the measurements made in 1968, and most of those 
made in 1969, were analysed in one-hour time blocks. 
This analysis, which was additional to the normal analysis 
described in Section 3, was confined to one field-strength 
level. 



Fig. 6 shows results for both years for four paths. 
Each point represents the total time that the measured field 
strength exceeded S/uV/m (before correction to 1 kW e.r.p.) 
between the 1st May and the 31st August, during each of 
the 15 one-hour periods during which measurements were 
made. Vertical lines indicate noon at the path mid-point. 
Nearly all the curves show a tendency for propagation to 
occur most frequently at noon and again in the late 
afternoon, with a minimum at about 1500 hours. Compar- 
ison of Figs. 6 (a) and (b) shows that the diurnal variation 
on the high-latitude path from Divis to Helsinki is similar 
to that at lower latitudes; the variation on the more 
northerly Divis — Sodankyla path was also similar, indicating 
that temperate-zone sporadic-E propagation still predomi- 
nates at the southern boundary of the auroral zone. On 
the higher frequencies (Figs. 6 (c) and (d)) the diurnal 
variation was again similar although the total time that 
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the specified field strength was exceeded was somewhat 
less than at the lower frequencies. 

In all, 24 curves of the type shown in Fig. 6 were 
derived from the analysis.* As no systematic influence of 
latitude, path length or frequency could be discerned, 
all the results of the analysis were combined in the 
single diurnal-variation curve shown in Fig. 7. Before com- 
bining the individual results, each individual hourly value 
(as plotted in Fig. 6) was divided by the average value for 
the path, calculated from the 15 individual values. Nor- 
malised values for specific times relative to local time at the 
path mid-point were then derived by linear interpolation. 

In Fig. 7, circles indicate median values for the 
24 sets of data and vertical lines indicate the range of 
values encountered. The line joining the median values 
may be regarded as a diurnal-variation factor which may be 
applied to whole-day time percentages. For example, 
if a certain field strength is exceeded for 5% of the whole 
day (0800-2300 hours), then Fig. 7 shows that it is 



*Three paths were excluded because insufficient sporadlc-E pro- 
pagation was observed to give a reliable indication of the diurnal 
variation. 



likely to be exceeded for 1-36 x 5 = 6-8% of the time 
between 1730 and 1830 during the summer months. 
The diurnal variation in the strength of sporadic-E signals 
(as opposed to the diurnal variation in their frequency of 
occurrence) cannot be derived from the analysis described 
in this section because it was confined to one particular 
field-strength level. A good indication of the diurnal 
variation of field strength can, however, be derived from 
measurements, made in 1970 at Breisach, West Germany, 
of the transmissions from Divis, Monte Sambuco and 
Meldrum. These measurements were analysed at three 
field strength levels and show diurnal trends which are 
similar to those described in this section. 



4.4 Polarisation 

The measurements provide no direct evidence of any 
relationship between the intensity of sporadic-E interference 
and the polarisation of the transmitted wave. Two trans- 
missions of similar frequency but opposite polarisation 
would have to be measured simultaneously over the same 
path to provide such evidence. Theoretical considerations 
suggest, however, that the reflection coefficient of the 
ionosphere is probably independent of polarisation at v.h.f. 
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With tropospheric propagation, a worthwhile reduction 
of interference may often be achieved if pairs of co-channel 
transmitters radiate with opposite polarisations. To deter- 
mine whether any corresponding advantage may be achie- 
ved when the interferingsignal propagates via the ionosphere, 
simultaneous recordings were made on several paths with 
both vertical and horizontal aerials. Thus one aerial respon- 
ded to the transmitted polarisation and the other aerial to the 
opposite polarisation. When sporadic-E propagation occurr- 
ed, signals were usually received on both aerials, but the ratio 
of the two signals was liable to vary continuously, indicating 
a tendency for the incident wave to be randomly polarised, 
presumably because of Faraday rotation of its plane of pola- 
risation within the ionosphere. When the normal analysis 
described in Section 3 was applied, the field-strength/percen- 
tage-time distribution curves for the two aerials were found 
to be similar in shape although differing in level by a few dB. 

Details of the paths where measurements were made 
with two aerials are given in Table 1. The results are con- 
tained in Reference 8, where the pairs of tables for vertical 
and horizontal receiving aerials enable field strengths excee- 
ded for given time percentages to be compared directly. 
The difference in dBs between the two field strengths may 
be called the polarisation ratio, assumed to be positive if the 
greater field strength is that measured by the aerial which 
responds to the transmitted polarisation. 

Consideration was given to the possibility that the 
polarisation ratio might depend on the reflection coeffi- 
cient of the ionosphere; for example, the transmitted 
polarisation might be better preserved when the received 
signal is strongest. No evidence of any significant corre- 
lation between polarisation ratio and measured field strength 
could, however, be detected. Consequently the individual 
polarisation ratios for various months and time percentages 
were averaged for each path, giving the results for consecu- 
tive years contained in the penultimate column of Table 4. 
Calculation showed that the ratios for individual years 



did not differ significantly in the statistical sense. They 
were therefore averaged to give the single values for each 
path contained in the final column of Table 4. 

The measurements show that the component of the 
downcoming wave which has the same polarisation as the 
incident wave is always slightly stronger than the opposite 
component. It would therefore appear reasonable to assume 
a value of 5 dB for polarisation discrimination for planning 
purposes when the interfering signal propagates via the 
sporadic-E layer. 

4.5 Variation of field strength with distance and 
frequency 

Propagation curves showing how field strengths vary 
with distance and frequency are useful for planning 
purposes. Since sporadic-E propagation causes interfer- 
ence to broadcasting, curves drawn for the months when 
interference occurs most frequently are of greatest value. 
Fig. 5 shows that the worst interference occurs in June and 
July, when the field strengths exceeded for given time 
percentages are greatest. 

The EBU consider that interference to co-channel 
stations should not be tolerated for more than 5% of the 
time in any month and that, ideally, it should not occur 
for more than 1% of the time. Propagation curves showing 
the field strengths which are exceeded for 1% and 5% of the 
time during the 'worst' months of June and July have there- 
fore been derived from the detailed results contained in 
Reference 8. 

The field strengths contained in Reference 8 are 
standardised to an e.r.p. of 1 kW in the horizontal plane. 
However, Fig. 2 shows that the power radiated towards 
the ionosphere is sometimes considerably less than that 
radiated horizontally, because of the vertical directivity 
of the transmitting aerial. To enable field strengths 
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Table 4 
Polarization Ratio 



Transmitter 

Frequency 

and Polarization 


Receiver 


Radiation 

angle, 

degrees 


Year 


Polarization 

ratio, 

dB 


Average 

Polarization 

ratio, dB 


Li moges 
41-28 MHz 
H 


V, Orkney 


4-7 


1970 
1971 


6-7 
8-6 


7-4 


Divis 

41-465 MHz 
H 


Helsinki 


2-0 


1968 
1969 
1970 
1971 
1972 


-0-9 

-0-3 

0-1 

0-4 

0-3 


-0-1 


Monte Sambuco 
49-30 MHz 
H 


Kings wood 


4-0 


1966 
1967 


5-8 
3-5 


5-0 


Carcassonne 
54-43 MHz 

V 


Kingswood 
Orkney 


11-0 
3-0 


1966 
1967 

1970 


2-2 
3-6 

4-6 


3-0 
4-6 


Meldrum 
58-215 MHz 
H 


Helsinki 


4-0 


1970 
1971 
1972 


3-4 
4-2 
7-1 


4-4 



observed on different paths to be compared, it is essential 
to take account of any difference between the e;r.p. 
in the horizontal plane and at the angle of elevation at 
which the wave is radiated. This was achieved by adding 
the v.r.p. correction factors given in Table 1 to the field 
strengths contained in Reference 8, thereby standardising 
the measured field strengths to an e.r.p. of 1 kW in the 
actual direction of radiation towards the ionosphere. 

No additional allowance was made for the effect of 
the ground below the transmitting aerials even though this 
modifies their v.r.p.s. Table 2 shows that all the aerials were 
mounted on tall masts situated on hills or mountains. 
When an aerial is raised to a considerable height above 
the surrounding terrain, ground reflection gives rise to a 
multi-lobed v.r.p. whose envelope is almost exactly the 
same as that of the aerial in free space, the angular 
separation between adjacent lobes being of the order of 
1 . The principal effect of the ground, therefore, is to 
increase the mean power radiated towards the ionosphere 
by up to 3 dB; the non-uniform illumination of the 
ionosphere is thought to be of little consequence because 
of the averaging effect caused by the movement of 
ionospheric irregularities. Since the increase due to ground 
reflection applies equally to all high-power transmitting 
stations, it can be disregarded in the construction of pro- 
pagation curves provided it is also disregarded when they 
are used. 

No allowance was made for the v.r.p.s. of the receiving 
aerials because they were erected at the same height as 
typical outdoor domestic aerials. Thus the propagation 
curves give the field strengths which would cause inter- 



ference at typical domestic aerials; this is, of course, 
the information which is required for the planning of 
broadcasting services. 

Field strengths exceeded for 1% and .5% of the time 
during June and July in the 8 years from 1965 to 1972 
were extracted from the tables of Reference 8; this proce- 
dure normally yields 16 field strength values for each 
path and time percentage. Maximum, minimum and med- 
ian values for each group of 16 field strengths were deter- 
mined and the v.r.p. correction factors given in Table 1 
were added. Measurements made before 1965 were 

excluded because recordings were made on only 7 paths 
during the first three years of the measuring campaign. 



Figs. 8 and 9 show the results of the analysis described 
in this Section, plotted as a function of distance for 
individual frequencies. The points show the median 
value of each group of 16 field strengths and the vertical 
lines indicate the range of values. Field strengths less than 
—20 dB/x are not shown because this figure corresponded to 
receiver noise level on most paths. 



A distinction has been made in Figs. 8 and 9 between 
predominantly north — south paths and those which 
traverse Northern Europe. Although Fig. 9 suggests that 
field strengths exceeded for 5% of the time on Northern 
European paths are significantly lower than elsewhere. 
Fig. 8 shows that there is little difference between the field 
strengths exceeded for 1% of the time on the two types of 
path. 
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Fig. 8 - Field strength exceeded for 1% of the time during June and July 



(a) Limoges, 4 /' 28 MHz and Divis, 4 V 465 MHz 
(cj Carcassonne, 54-43 MHz 

T North-south paths 



Despite the large number of paths over which measure- 
ments were made, insufficient data exists for complete 
propagation curves to be drawn, except at 41 MHz. There 
is, however, enough information for trends to be discerned 
and for tentative sets of propagation curves to be construc- 
ted. Sets of curves for field strengths exceeded for 1% and 
5% of the time have therefore been drawn; they are shown 
in Fig. 10, where they are compared with the median 
field strengths for north-south paths taken from Figs. 8 and 
9. As these curves are based on measurements made in 
June and July, correction factors given in Section 5 must be 
applied when they are used for other months. The some- 
what lower field strengths measured on Northern European 
paths were disregarded in drawing Fig. 10(b), which 
should therefore be applied with caution to this area. 



5. A field-strength prediction method for v.h.f. 
broadcasting in Europe 

For planning, some method for predicting the strength 
and frequency of occurrence of interfering signals pro- 
pagated via the sporadic-E layer is desirable. One possi- 
bility would be to use the method proposed by IVIiya and 
Sasaki which has world-wide application. Miya and 



(b) 
(dj 



Monte Sambuco, 49-30 MHz 
Meldrum, 58-215 MHz 



T 

1 



North-European paths 



Sasaki's method depends on a knowledge of the critical 
frequency of the sporadic-E layer (f^E^) and the values 
it exceeds for different percentage times in various parts 
of the world. The field strength exceeded for a specified 
percentage time on a given path is then calculated from 
the value exceeded by f^E^, with the help of charts. 
There are no restrictions on the types of transmitting and 
receiving aerials or on their height above ground. 



While there is no reason why Miya and Sasaki's 
method should not be used for the planning of broad- 
casting services, a simpler and more convenient alternative, 
described in this Section, is a prediction method based 
directly on measured field strength rather than on the 

variation of f E . The method described here is also less 

o s 
complicated because it is restricted to the circumstances 

peculiar to broadcasting, where transmitting aerials are 

mounted on tall masts and receiving aerials are close to the 

ground. It applies only in Europe. 



In the prediction method described here, the field 
strength at a height of 10 m (typical of outdoor domestic 
receiving aerials) is given by 
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F(t) 



Fjt) +p-v-s±m 



(1) 



where 



F{t) 



Field strength exceeded for t% of the 
time, dB above 1/xV/m. 

Percentage of the total time between 0800 
and 2300 hrs during all the days of one 
calendar month. 



F^{t) = Basic field strength, dB above 1juV/m. 

P = E.R.P. in the horizontal plane in the 

direction of the great-circle path towards 
the receiver, dB above 1 kW. 



The prediction method makes noallowancefordiurnal 
variation because the amount by which the field strength 
differs from the predicted value at specific hours of the 
day has not yet been determined. The percentage time 
that the predicted field strength will be exceeded during 
any specified hour can, however, be estimated by multi- 
plying t by the diurnal-variation factor given in Fig. 7. 

An example of the use of the prediction method is 
contained in the Appendix. 



6. Conclusions 

The main conclusions from the investigation may be 
summarised as follows: 



V = Transmitting-aerial v.r. p. factor, dB. 

S = Seasonal correction, dB 



The basic field strength F^(t) is given by the curves 
of Fig. 10 for two values of t. 

P, the e.r.p. in the horizontal plane, is usually speci- 
fied for transmitting installations. 

The transmitting aerial v.r. p. factor Kis the reduction 
in e.r.p., due to vertical directivity, which applies at the 
angle of elevation for propagation to the receiver via the 
sporadic-E layer. This angle of elevation, known as the 
radiation angle, is given by Fig. 1 1 . 

Table 5, which is based on Fig. 5, gives seasonal 
corrections S for the summer months. 



Tables 
Seasonal Corrections 



Month 


5, dB 


April 


30 


May 


10 


June 


-1 


July 


1 


August 


5 


September 


22 


October 


21 



The final term in Equation (1) (± 10 dB) is required 
because the field strength observed in any given month 
may differ from the predicted value by up to 10 dB. 
This degree of uncertainty is indicated by the error bars of 
Figs. 5, 8 and 9. Field strengths exceeded for 5% of the 
time on Northern European paths may be a further 
20 dB lower. 



1) Solar activity has very little effect on sporadic- 
E propagation. Although there is a slight tendency for 
field strengths to be lower at the peak of the solar cycle, 
there is no need to take this factor into account when 
planning broadcasting services. 

2) Sporadic-E propagation occurs during spring, 
summer and autumn. It causes most interference during 
June and July, and slightly less interference during May 
and August. There is considerably less interference during 
April and September but there is a tendency for sporadic- 
E propagation to occur slightly more frequently in October 
than in September. Sporadic-E propagation is seldom 
observed after October or before April. 

3) Sporadic-E propagation occurs mainly during 
the day and early evening, with peak activity at noon and 
and at 1800 hrs, and a slight minimum at 1600 hrs. These 
times are local times at the path mid-point. 

4) The polarisation of the transmitted wave is 
modified by the ionosphere. Measurements with vertical 
and horizontal receiving aerials have shown that the compon- 
ent of the received signal whose polarisation is the same as 
that of the transmitted wave is on average about 5 dB 
stronger than the orthogonal component. 

5) Waves propagated via the sporadic-E layer cause 
interference at distances between 800 and 2600 km. VHF 
transmissions seldom propagate to shorter distances because 
they penetrate the ionosphere, or to greater distances 
because these are beyond the range of 1-hop propagation 
via the E layer. If the vertical directivity of a transmitting 
aerial is increased, less interference should be experienced at 
theshorter distances for a given e.r.p. in the horizontal plane 
but this has not been confirmed experimentally. 

6) The field strength decreases rapidly as the frequ- 
ency increases, especially at the shorter distances, because of 
E-layer penetration. For planning purposes, interference 
caused by sporadic-E propagation can be neglected at frequ- 
encies about 60 MHz. 

7) Field strengths exceeded for 5% of the time on 
Northern European paths are about 20 dB lower than values 
observed on more southerly paths. There is, however. 
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Fig. n - Median radiation angle for propagation via the sporadic-E layer 



very little difference between the field strengths exceeded 
for 1% of the time. 

8) The occurrence of sporadlc-E propagation varies 
from day to day in a completely random manner. 
Its occurrence from one year to another is also somewhat 
random and consequently it is impossible to predict 
the field strength which will be exceeded for a specified 
percentage of the whole of a given month with an accuracy 
better than ± lOdB. 

Since the measurements were confined to Western 
and Northern Europe, the conclusions summarised above 
should not be applied to other areas even though they 
may lie within the temperate zone. Use of the field- 
strength prediction method described in Section 5 should 
also be confined to Western and Northern Europe. 
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9. Appendix 



Estimate the field strength exceeded for 1% of the 
time between 0800 and 2300 hrs. during August on a 
1500 km path, when a transmitter radiates on a freq- 
uency of 45 IVIHz with an e.r.p. of 5 kW, from an aerial 
whose v.r.p., at low angles of elevation (A), is given approxi- 
mately by cos 10A. Then estimate the percentage of time 
that this field strength is exceeded between 1830 and 
2230 hrs. All times are local times at the path mid-point. 



From Fig. 10 (a) 
30dBAi. 



the basic field strength F (t) is 



For an e.r.p. of 5 k\N,P\s equal to 7 dB. 

Fig. 11 shows that A = 4-6° for a 1500 km path. 
Since cos 10A = 0-695, the transmitting-aerial v.r.p. 
factor F is 3 dB. 



The seasonal correction for August, 5, given by Table 
5, is 5dB. 

From Equation (1), the estimated field strength is 
therefore 



F(t) 



30 -f 7 - 3 - 5 ± 10 = 29 ± 10 dB;U 



The diurnal-variation factors for the four hours be- 
tween 1830 and 2230 hrs, given by Fig. 7, are 1'32, 
1-00, 0-76 and 0-44. These figures may be averaged 
to give a mean factor for the four-hour period of 0-86. 
It follows that the estimated field strength will be exceeded 
for 0-86 X 1 = 0-86% of the time during this period. 
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